Background Recurrence rates after inguinal hernia repair have been reduced to a few per cent, since mesh repair has become standard of care. Lightweight meshes reduce postoperative pain and stiffness in open anterior repair, but for endoscopic repair, the discussion about this benefit is ongoing. This study was done to analyse the effects of lightweight mesh versus heavyweight mesh following endoscopic totally extraperitoneal (TEP) hernia repair. Methods In a single-centre double-blindly randomized clinical trial, 950 patients with unilateral primary inguinal hernia were randomized to undergo endoscopic TEP using either an Ultrapro Ò or a Prolene Ò mesh. Data were collected by validated questionnaires at day 1, day 7, after 6 weeks and after 3 months, and clinical assessment was performed after 3 months. The presence of groin pain after 3 months, defined as an NRS score [3, was evaluated as the primary outcome measure. Secondary outcomes were foreign body feeling and the impact of pain and foreign body feeling on daily activities.
mechanical impairment of the patient's moving abilities or generate a phenomenon called foreign body feeling. The subsequent inflammatory reaction after placement may cause chronic pain [2] . The incidence of post-operative pain after inguinal hernia repair is reported in up to 43 % of the patients, but the rate varies significantly due to heterogeneity in the definition of chronic pain, the methods to assess pain and the times of assessment [3] .
Persistent pain after groin operations affects daily activities in about 2-20 % of patients [4] . There is ample evidence that endoscopic hernia repair is associated with less post-operative pain and earlier return to daily activities [5] [6] [7] . Assuming that the mesh characteristics are responsible for the long-term functional hindrance, lightweight meshes were introduced. These lightweight meshes have larger pores and contain less prosthetic material, and they assumedly produce less post-operative scarring of the abdominal wall [8] [9] [10] .
A number of studies have compared heavyweight with lightweight meshes in open anterior hernia repair and revealed a significant reduction in foreign body feeling and overall post-operative pain [11] [12] [13] [14] . Lightweight meshes are, therefore, recommended as the material of choice in primary open inguinal hernioplasty [15] . In a recent metaanalysis of eight randomized controlled trials comparing lightweight versus heavyweight mesh in laparoscopic hernia repair [16] , the benefit of lightweight meshes was not reproduced, although the quality of several studies was hampered by small sample size [8, 17, 18] or missing data regarding the endpoint of interest, i.e. chronic pain after 3 months [9, 19] . Two large RCT's showed a slight improvement in patient comfort and less foreign body feeling after lightweight mesh [20, 21] . However, there is still no consensus which type of mesh should be used in laparoscopic hernia repair.
A randomized controlled trial was conducted in a highvolume hernia centre to address the effect of different meshes on post-operative pain and mesh awareness following the first 3 months after endoscopic totally extraperitoneal (TEP) hernia repair using validated questionnaires for pain, mesh awareness and quality of life.
Materials and methods
A prospective double-blind randomized controlled trial (RCT) study was conducted in a high-volume hospital specialized in the TEP technique for inguinal hernia repair between March 2010 and October 2012. Male patients C18 years of age with a primary, reducible, unilateral inguinal hernia and no contraindications for endoscopic TEP repair were eligible for inclusion. Patients with collagen or connective tissue disorders as well as patients who were unlikely to complete the follow-up regimen since they had no fixed address or their comprehension of the language was insufficient were excluded. After screening for eligibility, informed consent was obtained. The study was approved by the regional Medical Ethics Committee (VCMO, Nieuwegein, the Netherlands) and the local ethics board of the hospital. The study is registered in the Dutch Trial Register (NTR2131) [22] .
In addition to standardized history and physical examination items, information regarding the preoperative presence of pain and data regarding quality of life was obtained. Pain was measured using the numeric rating scale (NRS, 0 = no pain, 10 = extremely painful, Dutch version). The Inguinal Pain Questionnaire (IPQ, Dutch version [23] ) and the Carolinas Comfort Scale (CCS, Dutch version [24] ) were used to assess the impact of pain on daily life activities. Pain related to sexual function and ejaculatory was measured using the pain related to sexual function questionnaire (PSF, a Dutch translation of the questionnaire described by Aasvang et al. [25] ).
Patients were randomly assigned to the intraoperative use of either a lightweight mesh or a heavyweight mesh. Randomization was done in the operating room after administration of general anaesthesia by computerized block randomization of eight. For the lightweight mesh a 10 9 15 cm, polypropylene-poliglecaprone monofilament mesh was used with large pores (3) (4) [26] and even a decreased foreign body reaction compared to heavyweight polypropylene meshes is described [27] .
All patients were operated by one of four surgeons with vast experience ([500 TEP procedures/surgeon), and all procedures were performed under general anaesthesia. The peroperative care and surgical technique were standardized and the same in all patients. The operative details of the TEP technique have been described previously [28, 29] . In particular, the mesh graft was not fixated since staples may induce specific complaints that can be ascribed to nerve entrapment and haematoma. Hernia types were classified intraoperatively according to the Nyhus classification, and the presence of a lipoma was recorded. Intraoperative complications and operative time were registered. The used mesh type was not mentioned in the operating chart.
Patients were discharged on the day of surgery, unless complications occurred. Post-operative complications were registered. At discharge, patients were advised to take analgesics during the first 2 days (1 g paracetamol every 6 h) and to avoid strenuous physical activity (lifting, sports) during the first post-operative week. There were no other restrictions.
Follow-up of patients took place in a standardized manner according to a fixed schedule. The patient, coordinating investigator and the surgeon involved in the follow-up of enroled patients were blinded for the allocated mesh. NRS scores were measured daily during the first week in a patient diary and after 6 weeks and 3 months by questionnaires. IPQ, CCS and PSF questionnaires were filled in at 6 weeks and 3 months. All patients were examined physically after 3 months in the outpatient department by one of the four hernia surgeons (not being the surgeon having performed the operation). Post-operative complications and recurrences were registered. In case of unclear inguinal pain or complaints suggestive of a recurrent hernia, ultrasound of the groin or MRI scan was performed. For the registration of pain symptoms, a standardized clinical evaluation form was used (Inguinal Pain Form by Loos [30] translated in Dutch).
The primary endpoint of the study was the presence of pain (NRS [ 3) 3 months after a TEP hernia repair, as measured by the NRS. The definition of the International Association for the Study of Pain (IASP) was used, and chronic post-operative pain was defined as persistent pain at the site of the operation 3 months after the primary surgery that differed from the pain before the operation [30] . In accordance with the literature, pain intensity was categorized as follows: NRS 1-3 = mild pain; NRS 4-6 = moderate pain; and NRS 7-10 = severe pain. Moderate to severe pain (NRS 4-10) was considered clinically relevant and therefore used as the definition of pain in the present study [30] .
Power calculation and statistical analysis
The hypothesis used in the design of the study was that the incidence of pain 3 months after operation was lower after implantation of a lightweight mesh compared to a heavyweight mesh. According to the literature at the time of the initiation of our study and based on a pilot study in our hospital, a reduction of 7.5 % in the incidence of pain was expected. With a two-sided alpha of 0.05 and a power of 0.80, a total of 429 patients were required in each allocation group. Secondary outcome measures were foreign body feeling, impact of pain and foreign body feeling on daily activities and sexual activities, ejaculatory pain and testicular pain and time to return to normal daily activities and work. Operation time, complications and recurrences were registered as well.
Data were prospectively collected on indigenously developed software and converted to SPSS software (SPSS, Chicago, IL, USA) for analysis. All data were analysed on an intention-to-treat basis. Descriptive statistics were used for baseline data. The incidence of pain was compared between lightweight and heavyweight by means of Chisquare analysis. To determine the effect of mesh type on chronic pain, a multivariable logistic regression analysis was performed. First, a univariate logistic regression analysis was performed for potential risk factors for pain at 3 months [32] , including mesh type, age, body mass index (BMI), surgeon, type of hernia, the presence of severe preoperative pain, operation time and the presence of severe pain on day 1 of post-operative period. Subsequently, factors with a p value \0.20 in the univariate analysis were entered in the multivariable analysis in addition to mesh type.
Secondary endpoints were analysed by using a Student's t test (normally distributed continuous), Mann-Whitney analysis (not normally distributed continuous) or Chisquare analysis (categorical variables). Effect estimators were described with 95 % confidence intervals. Significance is set at a level of p B 0.05.
Results
From March 2010 to October 2012, 3,066 patients visited the hernia centre, 1,826 patients were eligible to include and 978 male patients with a unilateral primary reducible hernia planned for TEP repair were enroled in the study (Fig. 1 ). After inclusion, 28 patients were not randomized because they did not meet the criteria, cancelled their operation or failed to be randomized. The study population comprised 950 patients, 478 patients randomized for lightweight mesh and 471 for heavyweight mesh. After randomization, one patient was excluded because the allocated mesh type was unknown. The three-month follow-up was completed in 463 (97 %) patients of the lightweight group and 454 (96 %) patients of the heavyweight group. Both groups were statistically comparable regarding patient and hernia characteristics and peroperative details (Table 1) .
Median operation time for lightweight mesh was 20 min (range 10-50) compared to 19 min (range 7-60) for heavyweight mesh (p = 0.12). Three procedures were converted to open repair, two in the heavyweight group and one patient in the lightweight group. In the lightweight group, two meshes were stapled and two patients received a heavyweight mesh instead of the randomized lightweight Table 2 ).
The feeling of a foreign body at 3-month follow-up was mentioned by 20.0 % of patients with lightweight meshes and 17.6 % in the heavyweight group (p = 0.56). In four patients, a recurrent hernia was diagnosed after 2-3 months: two (0.4 %) patients in each group. The median time to return to work was equal in the groups: 7 days (range 1-45) (p = 0.50).
No difference in pain intensity at any post-operative time point was observed between the patients treated with lightweight mesh and heavyweight mesh (Table 3) . No significant differences were demonstrated on any aspect 
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Randomized (n= 950) Fig. 1 Flow chart regarding quality of life using IPQ and PSF questionnaires (data not shown). Table 4 shows the univariate and multivariable analysis for possible risk factors for post-operative pain (mesh type, age, body mass index, hernia type, surgeon, severe preoperative pain, operation time, severe pain day 1 postoperative). Preoperative NRS pain scores of 8-10 and severe post-operative pain at day one (NRS 8-10) significantly prospect the risk of any pain after 3 months. After correction for potential cofounders, no difference in any pain after 3 months was seen between the lightweight and heavyweight mesh groups. Severe preoperative pain (OR 2.01, 95 % CI 1.21-3.35, p = 0.01) was the only independent predictor of any post-operative pain after 3 months. Subgroup analysis of patients with or without relevant preoperative pain and influence of mesh on postoperative pain and mesh awareness was performed, but no significant differences were found during the post-operative period and at 3 months.
Discussion
Despite numerous publications and one meta-analysis, there is still no consensus which type of mesh is optimal for endoscopic hernia repair regarding post-operative pain and foreign body feeling. There are only two RCT's comparing lightweight and heavyweight meshes in endoscopic repair with large sample sizes and at least a follow-up of 3 months [20, 21] . Both studies showed slight benefits with lightweight meshes during the early post-operative period, regarding chronic pain and impairment of physical activities. However, in our large, randomized controlled trial comparing lightweight mesh with heavyweight mesh for TEP inguinal repair, there was no difference regarding the incidence and intensity of pain, foreign body feeling or any other endpoint at 3 months after surgery. In addition, no differences were found at other time moments throughout the early post-operative period until 3 months.
The strength of this study is its volume: it is the largest double-blind RCT studying different types of mesh used in TEP herniorrhaphy. The study is sufficiently powered and used validated questionnaires to assess pain, mesh awareness and quality of life preoperatively and post-operatively. However, a weakness of this study is the limited follow-up of 3 months. We chose this period while writing the study protocol according to the definition of chronic pain [31] . Recently, some suggested to adjust the definition of chronic post-operative groin pain to its presence at least 6 months BMI body mass index, NRS numeric rating scale (NRS 0 = no pain, NRS 1-3 = mild pain, NRS 4-7 = moderate pain, NRS 8-10 = severe pain) Table 2 Comparison of pain after 3 months in both groups post-operatively as this allows the mesh-related inflammatory response to subside as a causative factor of pain [33] . However, the study population will be followed for 3 years and data regarding pain and quality of life issues at 1, 2 and 3 years after surgery are expected. In the present study, chronic relevant pain, according to the classification published by Loos et al. [30] present 3 months post-operatively, was reported by 2.0 % of patients after lightweight mesh and 0.9 % of patients after heavyweight mesh use. A comparable study of Chowbey et al. [21] showed similar results, reporting moderate to severe pain in 2.1 % patients after lightweight mesh and 1.9 % after heavyweight mesh.
The incidence of chronic pain in our study is low compared to previously data reporting an overall incidence of 6 % (range 1-16 %) after endoscopic repair [34] . This could potentially be due to the positive effect of experience and high volume and is confirmed by other groups with an abundant experience in performing endoscopic repair [20, 35] .
Another relevant aspect of chronic pain is its impact on daily activity and work. Severe pain assumedly results in inability to work or to perform daily activities. Severe pain after 3 months (NRS 7-10) was mentioned by 0.7 and 0.2 % of patients treated with lightweight and heavyweight meshes in the present study, compared to 0 and 0.5 %, respectively, in the study of Chowbey, whereas Bittner did not report pain severity after 3 months [20, 21] . The impact of pain on daily activities in our study was 1.7 and 1.5 % and also comparable with the result of Chowbey et al. [21] .
The impact of pain on the days needed to return to work was 7 days in both groups and low comparable with the literature, reporting 7.2-38.1 days [9, 21, 36] .
In our study, we found a relatively high percentage of patients with any pain (NRS 1-10) after 3 months (18.6 % lightweight and 19.6 % heavyweight) which was higher when measured after 6 weeks (29.8 % lightweight and 26.1 % heavyweight). This was not statistically different between the two groups. The study of Bittner reported any pain in only 10 and 8.0 % of patients after 4 weeks. However, pain was measured by VAS scores and it has previously been described that a higher failure rate is present using VAS compared to NRS [37] .
When considering the endpoint any pain after 3 months, Chowbey et al. reported lower frequencies and better results for lightweight mesh: 3.7 % compared with 7.1 % for heavyweight mesh. The difference was not statistically significant (p = 0.164). In their study, pain was not measured by VAS or NRS, but only assessed for severity (mild, moderate or severe) in the selection of patients who reported having pain. Thus, these data probably underestimate the true frequency. Other studies with small sample sizes used mean VAS scores to compare differences [9, 19, 37] . As the majority of patients report very low VAS scores, the mean VAS scores were very low. In the present study, mean pain (measured by NRS) was also only 0.5 and 0.4 after 6 weeks and 0.4 and 0.3 % after 3 months. Therefore, mean VAS scores are not useful to assess pain and discomfort. As previously emphasized in 2002 by Kehlet et al. [38] , this underscores the importance of uniform assessment, the use of validated questionnaires and valid methods to measure pain to enable comparison of study results. Lastly, we observed no significant difference with respect to foreign body sensation, neither after 6 weeks nor after 3 months. At 3 months, 20 % of patients with lightweight meshes and 17.6 % with heavyweight meshes reported awareness of a foreign body in the groin. Other studies only reported foreign body feeling after 1 year, and reported differences were not statistically different between lightweight and heavyweight meshes.
This study did not show any difference in pain and comfort between the two mesh types. Other studies reporting on mesh types in endoscopic repair showed absent or slight differences in comfort [16] . Then again, in open repair, evidence is available that lightweight meshes provide better results. While all foreign bodies induce an inflammatory response, lightweight meshes with larger pores are associated with a reduced inflammatory response and less scar tissue [39] . This theoretical advantage of a reduced inflammatory response of lightweight meshes, as evident in open repair, does not translate into a clinical benefit after TEP hernia repair. The preperitoneal position of the mesh is the likely explanation, and this position offers two potential benefits. First, there is a reduced risk of direct nerve damage when working in the preperitoneal space in comparison with open anterior repair. Second, the preperitoneal as a barrier consists of two layers (parietal and visceral) separated by a thin fascia [40] . The large sensory nerves are located behind this fascia in the parietal space. Direct contact between the mesh and the nerves is usually avoided. The extent of the inflammatory response and its resulting swelling and fibrosis has limited influence in this space because of the protecting fascia. Longer follow-up (1-2 years) is warranted to confirm this theory and to know whether the effect of less fibrosis results in less comfort after 3 months and later and in a higher recurrence rate or not.
In conclusion, no beneficial effect regarding post-operative pain, mesh awareness and impact on daily life was observed of a lightweight over a heavyweight mesh 3 months after TEP hernia repair.
